Introduction
Maternally inherited mitochondrial DNA (mtDNA) and paternally inherited Y chromosome polymorphisms have been studied extensively as a powerful tool to understand the demographic history of human populations. It became apparent that large continental areas such as western, eastern and southern Eurasia differ profoundly in their mtDNA variety 1, 2 with only limited zones of admixture, eg in Central Asia. 3 Thus, the major eastern Eurasian-specific mtDNA haplogroups A, B, F and M are only rarely found among western Eurasian populations 4 ± 12 whereas the dominant European haplogroup H is virtually absent in China and Japan. 13, 14 Hence, any deviation from this general finding deserves special attention as it may prove to be particularly informative. A recent study of mtDNA haplogroups in four Croatian island isolates found a considerable frequency (8.3%) of haplogroup F in the population of Hvar Island. 15 This haplogroup, initially defined by the loss of HincII site at nucleotide position (np) 12406, 4, 16 is common in popula-
Materials and methods
All blood samples were collected after obtaining informed consent. Details of sampling design and molecular analysis have been described previously. 15 In the initial sample of 108 persons from six villages (Dol, Vrbanj, Svirce, Zastrazisce, Gdinj, Bogomolje) of the Croatian island Hvar, the hypervariable segment I (HVS-I) of the control region of mtDNA was PCR-amplified, followed by sequencing of the segment between nps 16024 and 16383 on ABI 377 DNA Sequencer (Perkin-Elmer) using the 7, 9, 10, 12, 21 In this work haplogroup is defined as a monophyletic clade in the mtDNA tree, comprising a group of haplotypes descending from the most recent common ancestor, as inferred from the shared mutations. 27 We use informal terms for the hierarchy of the branching order of the phylogenetic tree as follows: limb4bough4twig. Mutations in mtDNA are numbered according to the Cambridge Reference Sequence (CRS). 28, 29 To specify the phylogenetic relationships between haplotypes, median-joining networks 30 were constructed for the total sample set of Hvar mtDNAs and for the haplogroup F subclades F1a (HVS-I main motif: 16172, 16304) and F1b (HVS-I main motif: 16189, 16304), combining both D-loop and RLFP polymorphism data. The median network approach is useful in the case of high mutation rate, which causes many parallel mutations in phylogenetically distant branches, since it permits simultaneous revealing of a large number of equally parsimonious phylogenetic trees. Coalescence age of haplogroup F was calculated as described by Forster et al 31 Because the founder effect was suspected, for nine haplogroup F subjects found on Hvar island the genealogies were reconstructed to include five generations, based on Parish registries.
Results
Maternal lineages found among the Hvar people are typical for a European population (Table 1 ). Figure 1 shows the reduced median network tree of mtDNAs from 108 individuals from Hvar population. The topology of the tree as well as the distribution of the frequencies of the mtDNA haplogroups 15 do not differ substantially from that expected for a European Mediterranean population 7, 32 ± except for the presence of haplogroup F at a frequency about 8%. As mentioned above, haplogroup F must be very rare in European populations because it was not reported in largest recent collections (n45000) of mtDNA varieties. 19 ± 23 Therefore, its finding in Hvar was intriguing. Figure 2 shows the location of Hvar Island and its villages, along with reconstructed genealogies of nine haplogroup F cases. Moreover, it is worth noting that a subject indicated by two asterisks developed an additional mutation at np 16207 over a span of the four generations from the common ancestor.
The two competing hypotheses were that the haplogroup F was introduced to the island from an unidentified source population by sea or from the nearby mainland. The nine subjects with haplogroup F came from three different villages (Vrbanj, Svirce and Bogomolje). The reconstruction of genealogies to five generations linked these persons to three female ancestors ( Figure 2 ). It failed to link them to a single ancestor since Parish registry records revealed that the female (indicated by an asterisk) immigrated to the island from the nearby mainland city of Podgora. On interview, this individual stated that her ancestors had arrived from within the Balkans mainland a few centuries ago. This implies that haplogroup F might be present in the Croatian general population. Subsequent field work was undertaken and 715 unrelated mtDNA genomes from all Croatian counties were analysed. One subject (0.26%) from the northern part of Croatia (Zagreb county), was found to have the haplogroup F and was unaware of any ancestors from Hvar Island. Out of the 336 individuals from three other Eastern Adriatic islands (Krk, Brac and Korcula) no one had haplogroup F.
Haplogroup F derives from an internal node R of the human mtDNA phylogenetic tree 10 and is a sister group to an eastern Eurasian haplogroup B, as well as to haplogroups H, J, K, T and U; the latter five comprising about 95% of the European mtDNA diversity. 5 ± 7 In order to obtain further insight into the origin of the`Croatian F' lineages, we constructed a phylogenetic network from HVS-I haplotypes belonging to mtDNA haplogroup F which were published in the literature. Two main boughs of the subset of the limb F1, F1a and F1b, are depicted in Figure 3 . Haplogroup F is characteristic of the Chinese population (10.8%) and reaches the highest frequency in the Vietnamese population (32%). 13, 14, 16, 26 It is relatively frequent also 1  1  1  1  1  1  1  1 1  1  1  4  7  8  9  0  0  0  2  2  3  3  4 5  5  7  5  0  2  0  0  3  3  3  4  3  7  4 6  9  7  1  7  2  4  5  2 
. Figure 3 indicates that within the phylogeny of limb F1, the particular varieties found in Croatia, belong to a monophyletic clade within bough F1b, specified by a rare C to A transversion at np 16232 and a transition at np 16249. The internal node is shared by Croats, Mongols and Turkicspeaking Uighurs, Kazakhs, Turks and even by one South Asian (Sri Lankan, our unpublished results) mtDNA. A further extension of this bough via additional transitions at nps 16129 and 16344 leads to a twig, shared by Korean and Japanese 13, 14, 18 populations, including Ainus and Ryukyu
people. Yet another twig (np 16172) is occupied by mtDNAs, found among Koreans and Turkic-speaking Uighurs. 3, 13 The single haplotype found in Croatian mainland belongs there as well (Figure 3) . Considering all the available data, the coalescence age estimate for the base node of haplogroup F is approximately 40 000 ± 50 000 years before present, which agrees with an early Upper Palaeolithic origin of this major eastern Eurasian variety of mtDNA. However, it does not imply that the node containing Croatian mtDNAs started to expand at that time period. Bearing in mind a limited divergence of the corresponding internal node comprising Croatian haplogroup F sequences, it may have happened much more recently. More importantly, its phylogeography suggests that the particular variety of maternal lineages must have been within a migrational wave(s), carrying haplogroup Figure 1 Median-joining network showing the phylogenetic relationship of mtDNA haplotypes detected in Hvar Island, Croatia (n=108). Nodes represent haplotypes grouped into haplogroups indicated with alphabetical letters (see also Table 1 ). Each link represents one mutational event in mtDNA HVS-I (prefix 16 000 is omitted) or regions covered with RFLP typing. The internal structure of the network relating established mtDNA haplogroups is shown in bold links. Reticulations reflect ambiguities caused by incompatible characters. Haplotype frequencies are shown inside node areas.
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Discussion
In many European populations up to 1 ± 2% of mtDNA lineages cannot be attributed to any European founder haplogroups. 21 The high frequency (8.3%) of haplogroup F in Hvar is likely the result of the founder effect in this small island population, where an exceptional degree of isolation has already been demonstrated in the majority of villages. 35, 36 Here, haplogroup F is not an exception: similar dominant haplotypes can be seen also within haplogroups U2, U5 and in one of the branches of haplogroup T (Figure 1 ), all probably caused by genetic drift in an isolated population. The fact that haplogroup F was subsequently found in the Croatian general mainland population lends a strong credence to the scenario that the source lineages for haplogroup F in Hvar may be within the continental Croatian and other neighbouring populations. However, we note here that we have not sampled haplogroup F among 56 Slovenians, 200 Albanians and 116 Hungarians (R Villems, personal communication).
There may have been many occasions when haplogroup F could have reached Croatia; several possibilities can be found in recorded history. At the end of the 4th century AD, the Huns left Central Asia and invaded Europe for a short period. As a consequence, this major migration also ended a long period of a predominantly Indo-Aryan nomadic presence in the Steppe Belt, extending from China to Europe with their replacement by Mongoloid and Altaic pastoral nomads. 37 Figure 2 Geographic location of the Croatian subjects with haplogroup F and the reconstruction of the genealogies of Hvar Island cases originating from three villages (1=Vrbanj; 2=Svirce; 3=Bogomolje).
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The mtDNA haplogroup F in Europeans H-V Tolk et allikely explanation of our findings because in this case, one would expect to observe the haplogroup M lineages in the Croatian mtDNA pool. The latter haplogroup is almost an order of magnitude more frequent in Central Asians than is haplogroup F. 3 Since this is not the case, a more specific and narrow founder effect is a more likely explanation. In summary, the above data show that a maternal lineage, likely arising in the early Upper Palaeolithic period in southeastern Asia, has found a route to Europe and, probably because of random genetic drift, could become a significant component of mtDNA variety in an isolated Adriatic island population. We have also demonstrated that a detailed phylogeographic analysis makes possible the tracing of this lineage back to its possible geographic origin among eastern-central Asian populations. This, in turn, suggests historic and demographic events possibly explaining the presence of mtDNA haplogroup F in Europe. Figure 3 Median-joining network of a subset of human mtDNA haplogroup F: a global distribution of the boughs F1a and F1b of the limb F1 according to the HVS-I sequences. The diagnostic HincII site at bp 12406 is indicated, but the structure of basal nodes F and F1 are not shown. Haplotype frequencies are shown inside node areas. Mutated mtDNA positions (according to CRS, 28, 29 ) are shown along branches. Mutation type is specified only for transversions. Branches from the root to the basic motifs discussed in the text are shown in bold lines.
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